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Abstract. We study the 3-dimensional pure U(l) lattice gauge theory with
Villain action which is related to the 3-dimensional Z-ferromagnet by an exact
duality transformation (and also to a Coulomb system). We show that its string
tension α is nonzero for all values of the coupling constant g2, and obeys a
bound α ̂  const -mDβ~1 for small ag2, with β = 4π2/g2 and
mp = (2β/a3)e~β^Cb(0)/2 (a^lattice spacing). A continuum limit a-»0, mD fixed,
exists and represents a scalar free field theory of mass mD. The string tension
otnip 2 in physical units tends to oo in this limit. Characteristic differences in the
behaviour of the model for large and small coupling constant ag2 are found.
Renormalization group aspects are discussed.

1. Introduction and Discussion of Results

In this paper we will study the Zζ-ferromagnet on a 3 -dimensional cubic lattice
ΛQ(aZ)3 of lattice spacing a. The spin variables n(x) of the model are attached to
the sites x of the lattice. They take values which are integer multiples of 2π. The
partition function is

ZΛ= Σ expL(n), with L(n)= - ~{ [P^x)]2. (1.1)
ne(2πZ)Λ ^P x

We use the notations (eμ — lattice vector of length a in μ-direction)

(1.2)

β has dimension of a length, whereas n is dimensionless. Formula (1.1) must be
supplemented by boundary conditions. We choose to immerse the system into an
infinitely extended heat bath which is described by a massless free field theory, see
Eqs. (2.3) of Sect. 2. [Formally, the partition function for the combined system is
also given by Eq. (1.1), but the variables n(x) are integrated over the reals outside
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